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Abstract
The Eurasian crane (Grus grus) is currently held in over 50 zoological collections worldwide and present 
in the wild in a number of countries across Europe and Asia. Normal ranges have not previously been 
published for a number of haematological and biochemical parameters in the species and this study is 
the first to provide biochemical parameters in captive individuals of this species. Blood samples were 
collected from 90 juvenile Eurasian cranes with an average age of 70 days, across five consecutive years 
(2010-14), as part of health screening prior to reintroduction in the south-western UK. Haematology 
and biochemistry values were determined for 40 parameters.  Statistical analyses were carried out 
to determine the effect of age, sex and year on these values. Mean values of many haematological 
and biochemical parameters differed between years: haemoglobin, mean corpuscular haemoglobin 
concentration, white blood cell count,  heterophil percentage and number, lymphocyte percentage and 
number, monocyte percentage and number, eosinophil percentage and number, basophil percentage, 
total protein, albumin, globulin, albumin/globulin ratio, sodium, potassium, total calcium, ionised 
calcium, phosphorous, calcium/phosphorous ratio, alkaline phosphatase, aspartate aminotransferase, 
gamma-glutamyl transferase, bile acids, creatinine kinase, cholesterol, and sodium/potassium ratio. 
Calcium/phosphorous ratio, uric acid, bile acids, creatinine kinase, cholesterol and triglycerides 
decreased with age, while red blood cell count, haemoglobin, haematocrit, basophil number, potassium, 
total calcium and phosphorus increased with age.  Females had higher values of red blood cell count, 
haemoglobin, lymphocyte number, basophil number, total protein, albumin, alkaline phosphatase, and 
creatinine kinase than males. A comparison with previously published values of captive and wild cranes 
is presented: the young age of the birds in our study was likely to have led to some of the observed 
differences to previous studies.
Introduction
The Eurasian (or common) crane (Grus grus) was once 
widespread in the UK but was extirpated in the 1600s as a 
result of hunting and wetland drainage. There has been a small 
naturally recolonising breeding population in eastern England 
since 1979 and more recent small-scale recolonisation in 
Scotland. Although chicks have been produced in recent years 
the populations remain small (Stanbury et al. 2011). 
In 2009 the Wildfowl & Wetlands Trust (WWT), the Royal 
Society for the Protection of Birds (RSPB), Pensthorpe 
Conservation Trust (PCT) and Viridor Environmental Credits 
embarked on the Great Crane Project (GCP) – a collaborative 
attempt to reintroduce Eurasian cranes to the Somerset Levels 
and Moors in the South West of the UK.
Wild crane eggs collected in Germany were hand-reared 
in a purpose-built biosecure facility at WWT Slimbridge in 
Gloucestershire, England. At three-four months old the birds 
were transported to Somerset and released after a short stay 
in a pre-release enclosure. Between 2010 and 2014, 93 birds 
were captive reared and released into the wild; over 70 still 
survive in the wild in February 2016, with successful breeding 
taking place for the first time in 2015.  
A full health screen of the birds for disease conditions was 
carried out before the move to Somerset, including swabs and 
blood samples.  
The Eurasian crane is present in the wild in a number of 
countries across Europe and Asia and the species is held in 
over 50 zoological collections worldwide (International Species 
Information system (ISIS), 2015). Normal blood values are not 
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currently available for this species on the ISIS database. Previous 
studies in this species have either looked only at haematological 
values in relatively small numbers of captive adult birds (Hawkey 
et al. 1983) or relatively restricted panels of biochemistry in wild 
birds (Abelenda et al. 1993, Puerta et al. 1990). This study will be 
the first to provide values for biochemical parameters in captive 
individuals of this species.  As their numbers increase in the wild 
in the UK, the publication of normal ranges of both haematology 
and biochemistry for individuals of this species has increased in 
importance. 
The birds in the GCP were fed and housed in very similar 
conditions to birds reared for captivity at WWT (O’Brien et al. 2011) 
and other zoological collections, therefore the range of values in 
this paper are most probably typical of captive individuals.
Values from healthy individuals are of use in establishing 
reference ranges which can subsequently be used in health 
assessment of both captive and wild individuals (Kaminski et al. 
2014), in particular, in interpretation of clinical cases and responses 
of Eurasian cranes to specific pathological conditions.
Methods
Study population and husbandry
Blood samples were taken from Eurasian cranes hatched and 
reared in captivity at WWT Slimbridge, Gloucestershire, UK as part 
of the GCP, from 2010 to 2014.  
Housing
All birds were housed in the same rearing facility in each year. Eggs 
were artificially incubated and, once hatched, chicks were moved 
into fibreglass rearing tanks. Four purpose-built rearing sheds 
held six individual rooms, comprising an indoor area of 1.8m x 
2m annexed to outdoor runs of 1.8m x 4m.  After 2-5 days in the 
rearing tanks, chicks were transferred into the larger rooms. Hard 
wearing carpet matting covered the indoor concrete floor. A “pop-
hole” hatch gave access to turfed outdoor runs. Barrier fences 
comprised weldmesh lined with tough woven plastic sheeting, 
preventing birds damaging themselves on the mesh or causing 
injury to birds in adjacent runs, whilst still allowing visualisation 
of their neighbours. A netted aviary measuring 50m x 30m, was 
accessible to the chicks via their outside runs.
Exercise
From 3-5 days after hatching the crane chicks were exercised 
outside daily (the onset varied depending on individual progress). 
They were exercised individually in the larger aviary for a minimum 
of 20 minutes twice daily, gradually increasing to a minimum of 
30 minutes’ twice daily from two to four weeks old. Before the 
cranes were old enough to socialise, exercise took place with one 
chick per aviculturalist (costumed to prevent imprinting). As they 
progressed the chicks were exercised in small groups, then larger 
cohorts until all the birds could remain together. 
Diet
Immediately post hatch, chicks were fed an artificial diet of 
crushed Crane Grower Mini Pellet (Charnwood). Except in the 
final year when no starter diet was used, Lundi 35 (Lundi) was 
provided as a chick starter diet, removed once weight gain began 
at approximately three days old.  Throughout  rearing, all chicks 
received the coccidiostat monensin in-feed at 90 ppm (Elancoban 
G200 premix) to reduce the risks from coccidial infection leading 
to disseminated visceral coccidiosis which had previously caused 
mortality in crane chicks at WWT (O’Brien et al. 2011). Calcium 
and Vitamin D3 supplement (Nutrobal, Vetark professional) was 
added to the crane grower pellet throughout rearing. The amount 
of food provided depended on the individuals’ growth rate and 
general development.
Growth charts were produced showing a predicted rate of 
growth, using normal growth rates of similar crane species 
(Wellington et al. 1996), and estimated using the individuals’ dry 
hatch weights. Chick weights were kept just under the standard 
growth line, where possible, to lessen the chance of long bone 
growth abnormalities (Kelley and Hartup 2008).
Health management
Biosecurity
Rigorous biosecurity protocols were followed at the rearing facility. 
When no cranes were present, turf and gravel were replaced in 
the individual runs to reduce infection build-up and the exercise 
enclosure was limed to reduce survival of Mycobacterium avium 
(Pavlik et al. 2009). Vegetation management was carried out, to 
reduce risks from, for example, aspergillosis, and pest control 
measures were in place.
Prophylactic treatment
Chicks were treated prophylactically with oral fenbendazole 
(Panacur 2.5%, Intervet) at 20 mg/kg during the rearing process. 
Anthelmintic treatment frequency increased over the course of 
the project, occurring every two weeks in 2014 with three doses 
preceding health screening, the last given 16 days prior.  This was 
necessary due to increased parasitic contamination of the rearing 
area over time despite biosecurity. All birds were also treated 
with ivermectin (Ivomec Super injection, Merial) at 0.2 mg/kg by 
intramuscular injection prior to moving to Somerset.  
Disease screening 
To comply with the import and release licences, Balai regulations 
and health management plans produced prior to the start of the 
project, various types of disease screening were carried out, for 
example  avian influenza (AI) and Newcastle disease virus (NDV) 
screening within the first 10 days post-hatch. Faecal samples 
were taken monthly from individual cranes for parasitological 
and bacteriological screening. Each year, one set of pooled faecal 
samples was screened by PCR for Chlamydia psittaci infection. 
Responding to the Disease Risk Assessment produced by the 
Zoological Society of London (Sainsbury and Vaughn-Higgins 
2012), pre-release testing involved blood sampling for signs of 
avian tuberculosis, haematazoa and West Nile virus, in addition to 
standard haematology and biochemistry (see below). Buccal and 
cloacal swabs were taken to screen for inclusion body disease of 
cranes virus (IBDCV), NDV and AI.  The age of the birds sampled 
at this pre-release screening ranged from 55 to 82 (average 70) 
days old.
Blood sampling procedure and analysis
Blood samples were taken from either the medial metatarsal 
(2010–2013) or basilic vein (2014).  Up to 3 ml of blood was 
taken into 1.3ml tubes (Micro Tubes – Plasma Lithium-Heparin, 
Starstedt) using a 23-gauge needle, 2.5 ml or 5 ml syringe.  Samples 
were stored at 4o C and sent to the laboratory on the same day at 
ambient temperature together with individual fresh blood smears. 
Analysis was performed within 48 hours of sample collection.
Birds were manually restrained on a padded table, with position 
determined by blood sampling site. All birds were hooded to 
reduce stress and handling time was kept to a minimum, with 
birds bled less than 10 minutes after capture. 
Blood sample analysis
From 2010 to 2012, blood samples were analysed by Carmichael 
Torrance Diagnostic services in Garforth, W. Yorkshire. Biochemistry 
was carried out using an IL650 random access biochemical 
analyser. Electrolytes and ionised calcium were determined using 
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a separate IL analyser with pH compensated ionised calcium and 
ion specific electrodes. Haemoglobin (Hb) was assayed using a 
Hemacue (Gustavsson 2015). Red cell counts (RBC) were produced 
using an ABC analyser and haematocrit (Hct) was produced using 
spun technique (Campbell and Ellis 2007). White cell count (WBC) 
was produced using a manual oxalic acid and standard chamber 
technique and differentials were created manually based on the 
blood smear (Samour 2006). 
In 2013 and 2014, samples were analysed by CAPL laboratories, 
Staffordshire, UK. Biochemistry was carried out using the same 
analyser and chemistry methods as CTDS. Hb was assayed using 
a Siemens Advia 120 haematology analyser. RBC were produced 
using a manual standard chamber technique using a Neubauer 
counting chamber and Hct was produced as above. WBC was 
produced using Rees and Ecker solution and a Neubauer counting 
chamber (Campbell and Ellis 2007). Differentials were created as 
above.
Statistical analyses
We examined the effect of bird age (days), rearing cohort (hatch 
year) and sex (M, F) on haematological and biochemical parameters. 
Statistical analyses were conducted with the R statistical package 
(version 3.20) (R Development Core Team 2010) using packages 
stats (R Core Team 2013), nlme (Pinheiro et al. 2013) and lmtest 
(Zeileis and Hothorn 2002). Following initial data exploration, we 
developed linear models (lm command) with the parameter of 
interest as the response variable, age as a covariate and sex as 
a factor. The year effect was confounded by laboratory, because 
one laboratory was used for all samples in 2010–12 and a different 
one in 2013–14. We therefore used year nested within laboratory 
as a factor. No interaction terms were examined, due to small 
sample sizes.
We initially assumed a normal distribution of parameter values. 
Where model diagnostics indicated poorly fitting linear models, 
e.g. due to variances that differed between years, we fitted 
generalised least squares models (GLS) using REML estimation, 
which allows variance to differ between years (Zuur et al. 2009). 
In GLS models it was not possible to specify nested fixed effects, 
so we used year as an explanatory factor, and assessed parameter 
estimates for each year to determine whether there was evidence 
of a laboratory rather than a year effect.
We conducted step-wise removal of non-significant variables 
(P ≥0.05) from the models using F-statistics (linear models) and 
likelihood ratio tests (GLS), until a final model was attained in 
which all explanatory variables were significant.
Means and 95% confidence limits for each parameter were 
calculated from the final models. Where sex was included in the 
final model, we report separate modelled values for each sex. 
Where year was included, we estimated mean and SE (standard 
error) for each year from the model, and report a mean value and 
combined 95% CI across all years. Where age was included, we 
report mean and 95% CI for a bird of mean age in the data-set (70 
days). Infection with parasites or bacteria was also assessed using 
a variation of these models.
Results
Inclusion criteria
Blood samples from 90 birds were included in this study: 22 
from 2010, 14 from 2011, 14 from 2012, 20 from 2013, and 20 
from 2014. Coincidentally 45 of these were from females and 
45 from males. Seven samples were excluded due to clots or 
significant haemolysis in the samples. Birds which displayed a 
degree of injury or lameness post-catch were included since this 
occurred post blood sampling. Some parameters were analysed 
in different numbers of samples due to changes in the laboratory 
panels offered between years or where some were prioritised if 
insufficient sample was available for all tests.
The most recent faecal samples taken prior to blood sampling 
were positive for nematodes in 26 cases, Campylobacter sp. in 49 
cases and in 10 cases for both Campylobacter sp. and nematodes. 
These individuals were still considered to be in normal health for 
the purposes of the study, as the great majority of both captive 
and wild cranes will be carrying some form of parasite burden 
(WWT, unpublished data). Three birds suffering from cataracts, of 
undetermined cause, but considered unlikely to have an effect on 
blood haematology and biochemistry values, were included in this 
study. 
Statistical analysis
Blood haematological and biochemical values together with 
significance levels for year, age and sex are presented in Tables 
1 and 2. 
The values of many haematological and biochemical parameters 
differed between years, both in variance and mean. In statistical 
models, the assumption of constant variance between years was 
clearly violated for a number of parameters, indicating that the 
spread of values differed between years. 
The year effect was significant (P<0.05) in Hb, mean corpuscular 
haemoglobin concentration (MCHC), WBC, heterophil percentage 
and number, lymphocyte percentage and number, monocyte 
percentage and number, eosinophil percentage and number, 
basophil percentage, TP, albumin, globulin, albumin/globulin ratio, 
sodium, potassium, total calcium, ionised calcium, phosphorous, 
calcium/phosphorous (Ca:P) ratio, alkaline phosphatase (ALKP), 
aspartate aminotransferase (ALT), gamma-glutamyl transferase 
(GGT), bile acids, creatinine kinase (CK), cholesterol, and sodium/
potassium ratio. 
Total calcium showed a significant year effect, increasing across 
years from 2012–2014 and eosinophil number and percentage 
was noticeably higher in the first and last years of the project than 
in the three years between. Other year effects did not show any 
discernible pattern. 
Ca:P ratio, uric acid (UA), bile acids, CK, cholesterol and 
triglycerides decreased with age, while RBC, Hb, Hct, basophil 
number, potassium, total calcium and phosphorus increased with 
age (P<0.05).
 Females had significantly (P<0.05) higher values of  RBC, Hb, 
lymphocyte number, basophil number, total protein (TP), albumin, 
ALKP, and CK levels than males.
Laboratory effects appear to have occurred in WBC, heterophil 
and lymphocyte number, sodium, phosphorus, Ca:P ratio, bile 
acids and cholesterol.
Comparison to other published values
Published values are presented in Tables 1 and 2 alongside results 
from the current study.  Analytical methods may differ between 
this study and those published previously, but comparison is still 
considered worthwhile as they are the only reference values 
available.
The ranges of RBC, Hct and Hb found in this study of recently 
fledged juveniles are lower than those shown previously in adult 
captive (Hawkey et al. 1983; Isaacks et al. 1987) and adult and 
juvenile wild Eurasian cranes (Puerta et al. 1990) (See Table 1). 
Total WBC was lower in our study than reported in others (Table 1), 
in contrast to Abelenda et al. (1993) where juvenile wild Eurasian 
cranes, during their first winter, had a higher WBC than adults. 
A number of studies (Puerta et al.1989, 1990; Samour et al. 
1994; D’Aloia et al. 1995, 1996b) report higher lymphocyte count 
in young birds compared with adults whereas in our study levels 
appear similar or lower than those reported for adults. The higher 
number and percentage of heterophils compared to lymphocytes 
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in our chicks has also been seen in adult birds (Hawkey et al. 1983; 
Puerta et al. 1990) but not in the juveniles sampled by Puerta et 
al. (1990) where numbers were similar.
Of particular note are our values of ALKP and CK which appear 
high in comparison to most previous studies. 
Discussion
Year, age and sex had notable effects on both the haematology 
and biochemistry values in this study and need to be taken into 
consideration in inter-study comparisons. The age range in this 
study is small which must also be noted when comparing age 
effects reported in other studies. 
The majority of parameters differed between years.  This could 
be due to a very large number of variables including weather, 
genetics, nutrition, amount of exercise and parasite burden – 
these all, inevitably, varied between individuals within years, 
but also differed between cohorts of birds due to changes made 
to husbandry to reduce growth related disease and increased 
contamination of the environment with parasites over time. 
In our project, the year effect was somewhat confounded by a 
change in laboratory in mid-study. In some cases therefore we are 
unable to distinguish a genuine difference between years from an 
artefact due to laboratory effect. 
Levels of infection with parasites and bacteria may also have 
contributed to a year effect although no statistical difference 
was seen between parameters in chicks carrying infections and 
those shown to be clear of them at sampling.  The different blood 
sampling site used in 2014 compared to previous years could also 
be a factor.   Sample site has been shown to affect haematological 
values in samples in reptiles (Lopez-Olvera et al. 2003) and rodents 
(Abatan et al. 2008) but in quail (Arora 2010) no difference was 
shown between two peripheral blood sample sites.  Further work 
could be carried out to investigate this putative effect.
Age and sex have also been identified as major factors that 
can influence blood parameters in this study, and others, such as 
time of year or stage of the breeding cycle, may also be important 
(Kostelecka-Myrcha et al.1985; Pastor et al. 2001a, b; Campo and 
Davila 2002; Gayathri et al. 2004; Villegas et al. 2004; Baos et al. 
2006; Kasprzak et al. 2006; Jakubas et al. 2008).
The increase of RBC, Hct and Hb with age in this study is a pattern 
previously reported in a large number of avian species including 
egrets (Celdran et al. 1994), storks (Puerta et al. 1989b; Alonso et 
al. 1991; Montesinos et al. 1997), flamingos (Hawkey et al. 1984a, 
b), Masai ostrich (Struthio camelus) (Levi et al. 1989; Palomeque 
et al. 1991; Fudge 1996), poultry (Ferguson et al. 1964; Priya and 
Gomarthy 2008), domestic fowl, geese, and quail (Hodges 1977), 
various psittacines (Clubb et al. 1990, 1991a, b; Vaz et al. 2015,), 
bustards (Alonso et al. 1990; D’Aloia et al. 1995; Howlett et al. 
1998) and Canada geese (Branta canadensis) (Charles-Smith et al. 
2014). This increase has previously been reported in both free-
living (Campbell and Dein 1984; Kostelecka-Myrcha et al. 1985; 
Gessaman et al.1986; Puerta et al.1989b) and captive birds (Fallow 
et al. 1976), with levels increasing as chicks develop to adulthood 
(Samour et al. 1994; D’Aloia et al. 1995, 1996a). 
The increase in calcium with age seen in this study was also seen 
in houbara (Chlamydotis undulata macqueenii) (Bailey et al. 1999) 
and kori (Ardeotis kori) (D’Aloia 1996) bustards. Low circulating 
calcium levels in juvenile birds may be due to the requirement 
of calcium for skeletal growth. However, this was not found by 
Olsen et al. (2001) where calcium continued to decrease with age 
over a number of years, in two species of crane. The increase in 
phosphorus with age was also shown in ostriches (Palomeque 
et al. 1991) although it decreases in the majority of species (de 
le Court 1995). Further comparison with adult values would be 
required before this trend could be confirmed in Eurasian cranes.
The higher RBC and Hb in females in this study has also been 
found in white storks (Ciconia ciconia), where male chicks had 
significantly lower levels of RBC, Hct, Hb and MCHC (Kaminski et 
al. 2014). Suggested reasons included changes in activity of sex 
steroid hormones in chicks during development or the hierarchy 
of chicks in particular broods (Kaminski et al. 2014). 
As in this study, ALKP was also higher in females than males 
in flamingos (Eren et al. 2006) and black stork (Ciconia nigra) 
nestlings (Lanzarot et al. 2005) which is opposite to reported 
values in bald ibises (Geronticus eremita) (Dutton et al. 2002). TP 
was also greater in females than in males, as previously found in 
Lanzarot et al. (2005) and Hochleitner (1994). 
Increasing Hb with age may be caused by the decrease in 
blood volume per unit of weight with age (Palomeque and Planas 
1978; Celdran et al. 1994). Also, since flight increases the oxygen 
demands of birds (Lasiewski 1972; Berstein et al. 1973) and since 
RBC, Hct and Hb have been shown to be higher in good fliers than 
in flightless species (Balasch et al. 1974; Viscor et al. 1985), it is not 
surprising that the young birds in this study, not yet fully flighted, 
had levels that were likely still increasing. This has also previously 
been shown in white storks  (Puerta et al. 1989b). Puerta et al. 
(1990) found juvenile and adult Eurasian cranes had similar RBC, 
Hct and Hb, however the juvenile birds were already fully flighted 
and part of a migratory population. Although the oxygen carrying 
capacity of adult and young Eurasian crane blood has not been 
measured, this hypothesis seems to fit with the available data. 
As free-living chicks in some species have been shown to have 
lower RBC and a lower Hct than captive ones (Puerta et al. 1992), 
comparing the levels to wild Eurasian crane juveniles of the same 
age would be worthwhile. 
Puerta et al. (1990) suggested that captivity may reduce 
exposure to infection and therefore WBC in captive birds.  This 
is supported by the lower values in our chicks compared with 
the wild juveniles and adults in that study. However, Puerta et al. 
(1992) found higher WBC numbers in captive, compared to wild, 
flamingo chicks. In captive kori bustards, initial low WBC values 
were attributed to the fact that birds had been reared indoors 
in hygienic conditions (Howlett et al. 1998). The ensuing months 
showed an increase when the birds were moved into an outdoor 
aviary previously inhabited by other koris and kept together in 
larger numbers. The relatively low WBC in our cranes may have 
arisen for similar reasons, but the single blood sampling did not 
allow for longitudinal analysis of the effects on WBC as their 
environment became more natural through the rearing process. 
Sequential sampling would be a useful future study.
The higher number and percentage of heterophils compared 
to lymphocytes in our chicks, which differs from the wild 
juveniles in Puerta et al. (1990), is likely to be due to inter-species 
variation in age-related differences in total and differential WBC 
counts (Hodges 1977). Differential leukocyte counts also differ 
among avian species. Abelenda et al. (1993) found significant 
temporal variation in the relative proportions of heterophils and 
lymphocytes, with eosinophils, basophils and monocytes relatively 
constant over time in Eurasian cranes. This temporal variation was 
only measured over the winter/spring months; therefore further 
variation is likely and could be a factor in the differing proportions 
of leucocytes seen in our study as samples were collected in July. 
In white-naped cranes (Antigone vipio), monocyte number 
and percentage increased with age – potentially due to increased 
exposure to antigens and infectious agents (Rayhel et al. 2015). 
Puerta et al. (1990), and our study, suggest this may also occur in 
Eurasian cranes.
The eosinophil percentages measured here are similar to those 
in wild juveniles (Puerta et al. 1990) and lower than in captive 
adults (Hawkey et al. 1983), in contrast to white storks where the 
number and percentage of eosinophils in adults is only 20–25% of 
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that encountered in chicks (Alonso et al. 1991). As our juveniles 
were hand-reared in a captive environment it is likely that they 
encountered fewer parasites and bacteria than wild chicks, and 
prophylactic medication may have reduced the level of infection. 
They may also have suffered fewer physiological stressors than 
wild chicks.  26/90 chicks had nematodes in faecal samples but 
the presence of nematodes did not appear to have a significant 
effect on eosinophil number, a similar result was also shown in 
white stork chicks (Montesinos et al. 1997).  However, the higher 
eosinophil levels encountered in the first and last years of this study 
may be due to minimal prophylactic treatment in the first year and 
a greater challenge from parasite build-up in the enclosure by the 
final year. In Hawkey et al. (1983) and Puerta et al. (1992) high 
eosinophil counts were thought to be due to sub-clinical intestinal 
nematode infection.
Although toxicity to fenbendazole has been shown to have 
an effect on haematologic values in some species (Howard et al. 
2002; Weber et al. 2002) no adverse effect has been documented 
to the authors’ knowledge in Grus species. It is therefore unlikely 
to have had a significant effect on haematologic values in this 
study. Further research could be carried out to confirm this.
A smaller number of studies have presented  blood biochemistry 
values compared to haematology values in birds, and the blood 
biochemistry data that has been published for Eurasian cranes is 
limited (Puerta et al. 1990), making interpretation of biochemistry 
values in this study complex. Multiple parameters were included 
in this study to create a biochemical profile that can be used as a 
baseline against which abnormal values can be judged in juvenile 
cranes. 
De le Court et al. (1995) suggested that higher triglyceride level 
in white spoonbill chicks (Platalea leucorodia) could be related to 
the intense mobilization of endogenous lipid metabolism prior to 
becoming independent (Griminger and Scanes 1986). Although 
triglyceride decreased with age in our chicks, the mean value was 
lower than that in Puerta et al. (1990), so further study would be 
needed to determine whether this is also true in Eurasian cranes. 
Bile acids in Olsen et al. (1996) were reported as <80 umol/L and 
the values in our study also fall below this level.
The low TP in our study is consistent with previous studies 
in young psittacines (Joyner and Duarte 1994), white storks 
(Montesinos et al. 1997), houbara (Bailey et al. 1999) and kori 
(D’Aloia 1996) bustards.  Protein is essential to growth being a 
major constituent of tissues and may also increase with age due to 
increasing immunological response (Bailey et al. 1998a, b; Puerta 
et al. 1989a). 
UA levels in this study were similar to those in wild adult Eurasian 
cranes, although with a wider range, but were lower than those in 
juveniles in another study and other species (Table 2). Since the 
blood level of this compound diminishes during starvation (Sykes 
1971) it was suggested that the low UA may have been indicative 
of feeding restraint. However, the low level in our chicks where 
food was regularly provided suggests that this may not be the only 
cause. 
Only four biochemical parameters have previously been 
assessed in Eurasian cranes so many of the parameters in this 
paper should provide useful information for further studies and 
diagnostics. Vitamin D level was analysed in four birds only, and 
although this is a very small sample size it is worth reporting as it 
may be useful when assessing long bone abnormalities in juvenile 
birds in conjunction with calcium and phosphorus levels.  The 
finding of higher levels in females would need to be confirmed 
by studies in greater numbers of birds. Long bone abnormalities 
can occur commonly in captive long-legged birds such as cranes 
(Kelley and Hartup 2008).
Our juveniles show higher values for ALKP and calcium than 
other crane species, but without ranges for these parameters in 
adult Eurasian cranes we are currently unable to assess whether 
these levels are higher in juveniles, although this is the case in 
other species (Table 2). Elevated levels of ALKP in other precocial 
species have been associated with calcium deposition in the 
skeleton, as a function of intensive bone ossification and elongation 
during the rapid growth phase (Calabuig et al. 2010) and the high 
levels of ALKP, calcium and phosphorus seen in our juvenile birds 
may reflect the intense osteoblastic activity needed for somatic 
growth (Vinuela et al. 1991, Hochleithner 1994, Lanzarot et al. 
2005). Young psittacines and bustards have also been shown to 
have higher ALKP than adults (Clubb et al. 1990; D’Aloia 1996; 
Bailey et al. 1998a, b). Qin and Klandorf (1993) have suggested 
that pubertal increase of plasma 17 beta-oestradiol can affect 
calcium absorption from the intestine by increasing the activity 
of ALKP in immature chicks. Our low Ca:P ratio (which should be 
2:1 for growing birds (Olsen et al. 1996)) may be skewed since 
values were particularly low during one year where a number of 
factors, including severe weather, may have influenced calcium 
metabolism. Further work is needed to assess the reasons behind 
these low values.
Creatinine kinase (CK) values appear similar to those in Rayhel 
et al. (2015), which are six times higher in juvenile white-naped 
cranes compared with adults. CK levels declined with age in our 
study, but comparison with adult levels would help determine 
if this is also the case in Eurasian cranes. Levels also decreased 
with age in sandhill cranes (Antigone canadensis) (Olsen et al. 
2001). Differences in CK between adult and juvenile houbara 
bustards (Bailey et al. 1999) were considered to be related to 
bird temperament and/or sampling time after capture, rather 
than being an age-related change.  Patient excitement, handling, 
trauma, and irritating injections can elevate CK (Bollinger et 
al. 1989; Fudge 1996; Bailey et al. 1997). Younger birds may be 
more prone to struggle during handling, or as bone and muscle 
structure develops there may be reduced likelihood of injury 
during handling.
Plasma protein electrophoresis has been carried out on 
biochemistry samples from Whooping cranes (Grus americana) 
(Hausmann et al. 2015) and white-naped cranes (Rayhel et al. 
2015) and this technique could be used to gain further insight into 
samples from Eurasian cranes in future work.
The birds in this study were captive and hand reared and 
therefore sampling from cranes hatched and reared in the wild 
would be useful as comparison.  Artificial pelleted food and 
reduced exercise compared with wild chicks could affect certain 
aspects of their physiology leading to differences in blood values. 
As our birds are recently fledged juveniles it is expected that there 
will be differences between their blood values and those of adult 
captive Eurasian cranes for whom biochemical reference values 
still need to be published. 
Normal values for blood constituents vary widely for different 
species (Wyk et al. 1998). Thus, to assess the physiologic and 
pathologic condition of birds it is of paramount importance to know 
normal blood values for individual species. In wildlife conservation 
programs, blood parameters are increasingly used as physiological 
indicators (Maceda-Vega et al. 2015). With the Eurasian crane 
already present in numerous zoological collections, and with the 
wild population also expanding in the UK, the production of these 
values should be of use in the health assessment of both wild and 
captive birds.
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